obJect Despite the widespread adoption of endoscopic transsphenoidal surgery for pituitary adenomas, the sinonasal quality of life (QOL) and health status in patients who have undergone this technique have not been compared with these findings in patients who have undergone the traditional direct uninostril microsurgical technique. In this study, the authors compared the sinonasal QOL and patient-reported health status after use of these 2 surgical techniques. methods The study design was a nonblinded prospective cohort study. Adult patients with sellar pathology and planned transsphenoidal surgery were screened at 4 pituitary centers in the US between October 2011 and August 2013. The primary end point of the study was postoperative patient-reported sinonasal QOL as measured by the Anterior Skull Base Nasal Inventory-12 (ASK Nasal-12). Supplementary end points included patient-reported health status estimated by the 8-Item Short Form Health Survey (SF-8) and EuroQol (EQ)-5D-5L instruments, and sinonasal complications. Patients were followed for 6 months after surgery. results A total of 301 patients were screened and 235 were enrolled in the study. Of these, 218 were analyzed (111 microsurgery patients, 107 endoscopic surgery patients). Demographic and tumor characteristics were similar between groups (p ≥ 0.12 for all comparisons). The most common complication in both groups was sinusitis (7% in the microsurgery group, 13% in the endoscopic surgery group; p = 0.15). Patients treated with the endoscopic technique were more likely to have postoperative nasal debridements (p < 0.001). The ASK Nasal-12 and SF-8 scores worsened substantially for both groups at 2 weeks after surgery, but then returned to baseline at 3 months. At 3 months after surgery, patients treated with endoscopy reported statistically better sinonasal QOL compared with patients treated using the microscopic technique (p = 0.02), but there were no significant differences at any of the other postoperative time points. coNclusioNs This is the first multicenter study to examine the effect of the transsphenoidal surgical technique on sinonasal QOL and health status. The study showed that surgical technique did not significantly impact these patientreported measures when performed at high-volume centers.
E ndonasal transsphenoidal surgery represents the treatment of choice for most symptomatic pituitary lesions. Because this approach exploits the nasal corridor and paranasal sinuses to reach the skull base, nasal trauma is a primary source of postoperative morbidity in many of these patients. Reported rhinological complications include sinusitis, synechiae, anosmia, epistaxis, septal perforation, nasal congestion, and impaired mucociliary clearance; these complications can adversely affect patients' nasal functioning, satisfaction with surgery, and quality of life (QOL). 1, 4, 5, 13, 16, 33, 35 Microscopic transsphenoidal surgery is the current gold standard for treating pituitary lesions. Although many variations in technique are practiced, transsphenoidal surgery often involves a uninostril exposure maintained by a nasal speculum, with visualization provided by an operating microscope. 10, 14, 15, 28, 34 Recently, some pituitary surgeons have adopted an endoscopic transsphenoidal technique that commonly uses a binostril exposure and an endoscope to provide panoramic visualization without a nasal speculum. 9, [19] [20] [21] In microscopic surgery, the surgeon expands the nasal corridor with a speculum, which stretches the nasal vestibule and fractures the turbinates. In contrast, in the endoscopic technique, the surgeon creates the surgical corridor by removing nasal tissue (for example, by creating a posterior septectomy or posterior ethmoidectomy) to accommodate the endoscope and dissectors.
Despite the widespread adoption of endoscopic transsphenoidal surgery for sellar pathology and other more extensive skull base lesions, the sinonasal morbidity and QOL of patients undergoing this approach have not been compared with those undergoing traditional, direct microsurgical techniques. In this prospective cohort study, we compare sinonasal morbidity, patient-reported QOL, and health status in patients who have undergone direct microscopic transsphenoidal surgery with these findings in patients who have undergone endoscopic transsphenoidal surgery for pituitary lesions.
methods study design
The study design was a nonblinded exploratory prospective cohort study comparing 2 commonly used transsphenoidal surgery techniques (i.e., direct uninostril endonasal microscopic approach and binostril endoscopic endonasal approach). The prespecified target enrollment was 200 patients, with 100 patients per cohort-200 participants provided 90% power to detect an effect size of 0.20 between the 2 surgical groups with an alpha set at 0.05. This study was approved by the institutional review boards at the 4 participating institutions and was registered with the ClinicalTrials.gov database (http://clinicaltrials.gov); its registration no. is NCT01504399. Informed consent was obtained from all study participants. The study adhered to the principles set forth in the US Code of Federal Regulations, Title 45, Part 46, "Protection of Human Subjects" (revised January 15, 2009 A total of 301 patients were screened for eligibility; 47 patients were not eligible for the study and 19 declined to participate (Fig. 1) . From this population, 235 patients received surgical treatment under the protocol.
study end points
The prespecified primary end point of the study was patient-reported nasal QOL, which was determined using the Anterior Skull Base Nasal Inventory-12 (ASK Nasal-12) at 2 weeks, 3 months, and 6 months after surgery. 23 Secondary supplementary end points included health status estimated by patient scores on the 8-Item Short Form Health Survey (SF-8). 7, 32 The EuroQol (EQ)-5D-5L was also administered to patients at the lead site. 17 Major surgical complications were also tracked. Syndrome of inappropriate antidiuretic hormone was defined as a hospital readmission for hyponatremia. A CSF leak was defined as a postoperative leak requiring surgical repair or lumbar drainage. Permanent diabetes insipidus was defined as new postoperative diabetes insipidus still present at the 6-month follow-up visit. Sinusitis was defined as facial pressure, nasal drainage, and the initiation of antibiotics. Epistaxis was defined as postoperative nosebleeds requiring an intervention such as nasal packing, cautery, or angiography. Other major surgical complications were also tracked, such as thromboembolic events detected on ultrasonography or CT angiography.
data collection and analysis
Study data, including patient demographics, surgical approach details, and patient-reported end points, were collected and entered into a research database template by a designated research nurse at each participating site. The QOL instruments were self-administered in outpatient clinics. De-identified patient information was then forwarded to the lead site at the conclusion of the study. The SF-8 responses were scored using the scoring tool provided by Quality Metric, and the EQ-5D-5L responses were scored as described in the EuroQol Group user manual. Data were independently analyzed by a biostatistician affiliated with the lead institution.
surgical approach and postoperative Nasal care
The surgical approach for each patient was chosen by the treating neurosurgeon. Surgical technique details, such as treatment of the middle turbinate, sellar repair technique, and nasal packing, were tracked. To allow the study of common clinical practices, there was no prescribed postoperative nasal care protocol. Nasal rinses and endoscopic debridements were prescribed at the discretion of the treating team.
statistical analysis
Pearson correlations were used to analyze the asso-ciation between the ASK Nasal-12, SF-8, and EQ-5D-5L visual analog scales and index scales. Differences in outcome variables by surgical technique were tested using an independent samples t-test for continuous variables and chi-square for ordinal variables. Repeated-measures general linear models were used to assess differences in the ASK Nasal-12, SF-8, and EQ-5D-5L visual analog scales and index scales over time and according to which surgical technique was used. The institution at which surgery was performed was included in our models to account for potential differences in patient self-reports by site. In cases where the assumption of sphericity was not met, as indicated by Mauchly's test, the Greenhouse-Geisser correction was applied. Statistical software (SPSS version 21) was used for all analyses. The p values presented are 2-tailed and considered significant at p < 0.05.
results
Four pituitary centers screened patients for eligibility and 3 centers successfully enrolled patients. Three participating surgeons practiced endoscopic surgery and 2 practiced microscopic surgery. In total, 301 patients were screened and 235 patients underwent surgical treatment under the protocol. Enrollment was halted because the prespecified number of subjects had been enrolled. Ten patients' records were removed from the analysis because of insufficient follow-up and 7 were removed because the individuals underwent extended transsphenoidal approaches (a study exclusion criterion), leaving 218 patients in the final analysis. Of the 218 patients included, 111 were treated in the microscopic and 107 in the endoscopic surgery group. The groups were analyzed using an "as-treated" analysis. The Consolidated Standards for Reporting of Trials (CONSORT) flow diagram is presented in Fig.  1 . The groups were well matched with respect to baseline characteristics and demographics, including age, sex, tumor type and size, and history of prior sinus or transsphenoidal surgery (p ≥ 0.12 for all comparisons; Table 1) . Table 2 describes technical details of the surgical approaches. The table highlights the differences in how the surgical techniques are commonly practiced. For example, in the use of the binostril technique, an otolaryngology cosurgeon, nasal splints, absorbable nasal packing, and dural sealant were more common in the endoscopic group (p ≤ 0.03). In contrast, the use of autologous fat graft, Medpore (Stryker) sellar reconstruction, nonabsorbable nasal packing, and the uninostril technique were more common in the microscopic group (p ≤ 0.01 for all comparisons).
Postoperative nasal care was also examined (Table 3) . Endoscopic patients were more likely to undergo nasal debridement in an otolaryngologist's office (76% compared with 6% for microscopically treated patients, p < 0.001). The use of saltwater nasal irrigation was the most common nasal care technique in both groups.
There were no significant differences between groups in postoperative complications ( Table 4 ). The most common complications in both groups were sinusitis requiring antibiotic treatment (7% microscopic, 13% endoscopic; p = 0.15) and readmission for hyponatremia (4% microscopic, 5% endoscopic; p = 0.75). There was 1 death (1%) due to intracerebral hemorrhage in the microscopic group. Postoperative CSF leak requiring intervention occurred in 2 patients (2%) in the microscopic group and 1 patient (1%) in the endoscopic group.
Demographic information and outcome measures were compared by site to justify including data from multiple sites into a single analysis. There were no significant differences by site for the following demographic data: patient age, sex, prior pituitary surgery, history of sinus surgery, history of chronic sinusitis, or tumor size. The ASK Nasal-12, SF-8, and EQ-5D-5L scores were also compared at each time point by site. Scores for ASK Nasal-12 at 2 weeks and 3 months and for SF-8 at 3 months were significantly different by site, although the effect sizes for all 3 significant comparisons were ≤ 0.03, indicating a small effect. Therefore, site was included as a covariate in the repeated-measures models to account for variation between sites. We also separately examined the influence of surgeon experience on sinonasal QOL, and we found that surgeon experience was not correlated with sinonasal QOL at any time point.
sinonasal Qol and health status
The primary end point of the study was patient-reported nasal QOL as measured by the ASK Nasal-12. Patients in both the microscopic and endoscopic groups reported a marked worsening of sinonasal symptoms at 2 weeks after surgery; however, symptoms returned to baseline at 3 months (Table 5 ). Univariate comparisons of sinonasal symptoms between patients who received microscopic and endoscopic surgery revealed that there were no significant differences in overall mean ASK Nasal-12 scores preoperatively, at 2 weeks, or at 6 months ( Fig. 2 , Table 5 ). However, there was a significant difference in mean scores at 3 months, with those in the endoscopic group having less severe symptoms (microscopic 0.99 [95% CI 0.83-1.16], endoscopic 0.72 [95% CI 0.55-0.89]; p = 0.02); however, the effect size was small, with a partial eta-squared value of 0.37. The repeated-measures models revealed a cubic "s"-shaped effect for time (F 1,189 = 51.7, p < 0.001) that is visible on the box plots, with scores increasing at 2 weeks, sharply decreasing at 3 months, and slightly decreasing at 6 months ( Fig. 2A) . The group effect of surgical approach was not significant in this or any of the other repeatedmeasures models.
The univariate analyses and repeated-measure models described above for the ASK Nasal-12 were also used to describe trends in patient-reported SF-8 scores, EQ-5D-5L visual analog scale scores, and EQ-5D-5L index scores over time. As shown in Table 5 , there were no statistically significant differences by surgical technique at any postoperative time point for the SF-8 or the EQ-5D-5L visual analog scale; however, preoperative EQ-5D-5L index scores were more severe for the endoscopic group (p = 0.02). Similar to the ASK Nasal-12, a cubic effect for time emerged for the SF-8 (F 1,189 = 51.5, p < 0.001), and a linear time effect for the EQ-5D-5L visual analog scale was noted (F 1,51 = 12.1, p < 0.001) (Fig. 2B and C) .
An item-level analysis of ASK Nasal-12 was performed to determine whether there were differences in individual symptoms. At 3 months, "whistling sound" (p = 0.01), "sense of taste" (p = 0.03), and "sense of smell" (p = 0.01) were significantly better in the endoscopic compared with the microscopic surgery group. There were no significant differences at 2 weeks or 6 months.
discussion
The QOL and other patient-reported end points are important clinical metrics to help supplement objective surgical outcomes. These end points are becoming increasingly reported in endonasal skull base surgical series because they represent patient-reported impressions and provide valuable insight for practitioners. Sinonasal complaints are the primary postoperative morbidity in most patients undergoing elective transsphenoidal surgery for pituitary lesions. In this study, we sought to compare patient-reported nasal morbidity and QOL for the 2 most common transsphenoidal surgical techniques (microscopic direct uninostril with nasal speculum and endoscopic binostril technique).
We learned that, overall, sinonasal QOL and objective sinonasal complications such as sinusitis were similar in the 2 groups in the 6 months after surgery. Patient nasal QOL scores favored endoscopic surgery at 3 months, but the effect size was small and there was no difference at 6 months, suggesting that the difference seen at 3 months was not clinically significant. Sinonasal symptoms worsened in both groups in the immediate postoperative period and then returned to baseline by 3 months after surgery, demonstrating a cubic s-shaped time effect. As supplementary end points, we also assessed overall health status as determined by patient responses on SF-8 and EQ-5D-5L instruments. These data suggest that these patient-reported QOL measures are not affected by the differences between microscopic and endoscopic surgical approaches and postoperative care paradigms when performed in the setting of established pituitary programs.
Previous studies have demonstrated that sinonasal symptoms such as nasal congestion and discharge worsen significantly in the perioperative period, but improve to near baseline by 3-6 months after surgery. 2, 8, 24, 25, 27, 31 Factors associated with increased nasal symptoms after surgery include the use of an extended endonasal approach, septal-mucosal graft, and residual tumor after surgery. 3 The strengths of these studies include the use of validated outcome measures and longitudinal follow-up that allows factors that influence QOL to be meaningfully analyzed. 11, 12, 18, 29 The primary limitations of these studies are that they report on single-institution experiences and a diverse set of skull base pathologies. Our study builds on this prior work because it reports on a multicenter prospective experience, uses validated outcome measures, studies a large sample size, and examines a narrower patient population limited to sellar pathology that allows for more specific comparisons. Finally, this current study examines the impact of surgical technique on QOL, which previous work has not fully investigated. Because this study used a prospective pituitary surgery protocol for which data were collected by dedicated research nurses and adjudicated by physicians, it offers a level of data quality that exceeds previous national surveys of pituitary surgeons and reviews of administrative data sets. 6, 22 In addition, because of its multicenter design, the study also provides a current snapshot of microscopic and endoscopic transsphenoidal surgical practices and outcomes. For example, endoscopic surgeons in this study used middle turbinate out-fracture rather than turbinate resection to widen the endonasal corridor. The initial descriptions of endoscopic endonasal surgery proposed removing the middle turbinate, but we have found that to be unnecessary for most pituitary surgery. 21 We also learned that vascularized septal mucoperiosteal flaps are not commonly used in routine endoscopic transsphenoidal surgery, because most CSF leaks encountered are low-flow fistulas and because of the increased nasal morbidity encountered using this technique. 8, 27 This study also provides a benchmark for postoperative complications in transsphenoidal surgery. The most common reason for readmission in the first 30 days after surgery was hyponatremia from syndrome of inappropriate antidiuretic hormone, which suggests a rational target for improving readmission rates. Thus, we subsequently developed an outpatient sodium screening protocol to prevent readmissions by identifying at-risk patients.
Several points about the study deserve further discussion. First, the goal of the study was to evaluate 2 commonly performed transsphenoidal surgical techniques and their typical postoperative nasal care regimens. For that reason, the study protocol did not prescribe specific postoperative nasal care techniques. Centers were encouraged to use routine nasal irrigation and "as needed" sinus debridement in symptomatic patients. However, routine postoperative nasal debridement was not required as part of the protocol, even though it is standard at some centers. Patients treated with endoscopic surgery were much more likely to have undergone a nasal debridement than the ones receiving microscopic surgery, reflecting the common differences in the postoperative care paradigms for these patients. Second, the study was designed as an observational protocol rather than a randomized study, reflecting the fact that a randomized study was impractical to conduct. Most centers have only 1 or 2 specialized transsphenoi- As support for this statement, baseline tumor characteristics were well matched between the 2 groups. Fourth, with respect to trial generalizability, our study compared the direct uninostril microscopic technique with the binostril endoscopic technique and their typical postoperative nasal care regimens. Our results would not be expected to be applicable to the other major transsphenoidal surgical techniques, such as a uninostril endoscopic technique or a sublabial microscopic technique. Fifth, otolaryngology participation in surgery and follow-up differed by technique and neurosurgeon, reflecting contemporary practices. Examining the impact of otolaryngology participation, nasal debridement, and sinus rinses on sinonasal QOL is an important future direction. We are therefore planning a post hoc analysis of other patient and surgical factors that might predict sinonasal outcome.
Finally, the study design and limitations warrant additional comment. Because the study goal was to compare patient-reported outcomes and sinonasal QOL, the key baseline and follow-up data are patient-reported outcomes rather than the objective surgical outcomes that readers are accustomed to seeing in pituitary case series. Because of its design as a QOL study, the protocol does not address some very intriguing questions of interest to pituitary surgeons. For example, this study does not investigate differences in biochemical remission rates between microscopic and endoscopic cohorts in patients with functioning pituitary adenoma. This study is unable to address that point because the specified follow-up period of 6 months, which is sufficient for sinonasal healing, is not sufficient for hormonally active tumors such as Cushing's disease or acromegaly, for which it can take longer than 6 months to determine surgical remission status. In addition, the study was underpowered to evaluate functioning tumors. Functioning tumors represented only 30% of the study cohort. Notably, others have addressed this question. Starke and colleagues 30 performed a retrospective comparison between a surgeon using a microscopic technique and a surgeon using an endoscopic technique in patients with acromegaly. These authors discovered that there was no significant difference in remission rate. Tumor anatomical factors and preoperative growth hormone levels were more important predictors of outcome. The other important question of interest to pituitary surgeons that this study did not address was whether surgical technique influenced extent of tumor resection. One of us has previously demonstrated that the application of endoscopy to microscopic surgery does improve tumor detection rates and extent of resection. 26 Because of the limitations mentioned above, this study does not address which surgical technique has overall superiority (i.e., endocrine outcomes, extent of resection, and QOL).
conclusions
This prospective, observational study compared sinonasal QOL and health status in patients who had undergone transsphenoidal surgery for pituitary pathology using either a direct uninostril microscopic technique with a nasal speculum or an endoscopic binostril technique. The study found that patients in both groups had initial worsening of their sinonasal QOL and health status during the perioperative period, but QOL improved at later follow-up. There were no clinically significant differences between techniques in the patient-reported measures reported in this study. When performed by surgeons at high-volume centers, both surgical techniques yield similar sinonasal QOL and health status results for patients.
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